c*4 



necessary to e„ab,e the vessel .0 pass .He deformation test a, ,0,00 ps, . was * 
strongest standard tubing that was conveniently available. The cap was ma e of the -me 
materia,. Therma, expansion was matched ,0 that of the ,ubu,ar casmg ,n tha, wa, Other 
materials could be used but at additional expense. 



R F.MARKS 

Ciaims 3-4 and 9-20 remain in this application. Applicants filed an amendment 
dated July 10, 2002 in response to ft. Firs. Office Action of April 10 2002. Th,s 
supplement, amendment is submitted to com*, minor error, » the drawmgs and 
s^iftction. En^ofthisamendmen.priortore-examinationisrespec.ntllyret.ues^. 

Claitns 3 and 4 are amended ,0 prov W e an anient basis for the phrase h„„ow 

interior". - minnr 

Permission to amend ft, drawings is guested ,0 corrcc. a number of rmno 

^^«^^^**^<*'**+ 

to Fiaures 6 and 7 to make them consistent with Figure 5. 

in ,igh, of the above amendments and remarks applicants believe that thts case ,s ,n 

,f a tCephone or further persona, conference would be help*,, the Exam.ne, ,s 
MM to call the u^ersigned, who will cooperate in any appropriate manner ,0 advance 
prosecution. 



I hereby certifrSaTtais^^ 15 
being sent via facsimile and is being 
deposited with the United States Postal 
Service as First Class mail in an envelope 
addressed to the Assistant Commissioner tor 
Patents, Washington, D.C. 20231 on August 
14, 2002. 



Respectfully submitted, 
PRICE AND GESS 



By: Marc Fregoso 





Signature 



Atbin H. Gess 
Registration No. 25,726 
2100 S.E. Main Street, Suite 250 
Irvine, California 92614 
Telephone: (949)261-8433 



Date: AugusUij^OOJL 
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im THE CLAIMS 

Claims 3 and 4 have been amended as follows. 

3 (Twice Amended) An improved pressure vessel compnsmg: 

. liar casing having an internal cavity and an opening in at least one end 

permitting access to said internal cavity; _ ^ 

a plug region foUovyedJ^^ [ . . . . 

a piug ic^iu cection diminishing 

opting with a p.ug .herein, .he plug and plug reg.on havmg a cross secuo 

in diameter with distance from the opening; and, 

a component in said hollow ratenor havmg at least a Ma P 
Mid plug to 1. the pressure vessel, said plug encapsulartng said component lead and 

sealing said opening. 

n ^,.„„ ~ P i™ adjacent the plug region and, 

^^Hfe* interior havmg a. leas, a firs, lead p- g 

and sealing said opening. 

to XHESPECIFICATIQN 

The paragraph beginning on page 1, line 12, has been amended as fol>ows. 

Jure vessels prese„ y designed f or tOcear.graphic, «*. | — 
under conditions „ high h y dros,,c pressure t^ aUv^ov O-. * « - 
are conventionally "piston" type or "compresston type seals. 

l-. . - - - - r-;-„r_rri: r- 
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•i u drill hole of 10 000 psi but with the added requirement 

The paragraph beginning on page 2, iine 30, has been amended as 

Figul 1 is a schematic drawing of an interferometer 2 such as a Ma h Zhend« 

ac0 u»,ica, information. Such sensors are among the most ~££Z<Z* 
.gment of a hydrophone *r»y. 3 S ^ ^ ^ 

r-^iT^l- , — g o,C fbers, — 
conductors, optical components such as optical amplrfiers. 

The paragraph beginning on page 3, line 7, has been amended as follows. 

L hose S might be dep.oved in a drffl ho, for on [t hat might ta — s .« 

P „H in the case of down hole applications, from high 

hydrostatic or hydraulic pressures and in the case 

temperatures approaching 200 degree centigrade. 

The paragraph beginning on page 3 , line 1 3 , as been amended as follow, 
l ne par g t> invention Improved 

Figure 4 is an elevation view of the pressure vessel 
v of Figure 4 and its alternative embodiments in the figures subsequent to 

in as optica! couplers, wavelength dependent muHiplexers, mutton 
optica, components, interferometers such as Mach-Zhender and Mtchelso 
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cozening and action as the application might re,u.re. In such app~ 
components are kept a, atmospheric pressure. The leads, electnea, or opt,cal „ «W 
i„ a p,ug a. the ends of the vessel In down-ho.e applications, the hose or tube 8 
Fig „re 3 has an inside diameter tha, imposes a budget on the outside diameter of an 
pressure vessels used for components within its interior. A typical maximum diameter 
a pressure vessel might be slightly less than 0.2 inches for a down hole apphcafon. 

The paragraph beginning on page 3, line 27, has been amended as follows. 
Fiber optic leads or pigtails 11a and 1 lb exit cap 12. Thepressure vessel 10 has a 
,ubu,ar casing 14, typically fabricated from steel that is capable of withstanding extreme 
hydrostatic pressures. 

The paragraph beginning on page 3. line 30, has been amended as follows. 
Figure 5 is a sectional view of a first embodiment of the pressure vessel .0 taken 
on section line A - A of Figure 4. Figure 5 shows that [the, tubular casing 14 has an 
intenta. cavity ,6 and with an opening ,S in a, leas, one end. The length .of the tn^ 
oavity .6 [is characterized by a bracket be,ow] h ^ hv » H,c e, 16 be feg » 
vernal cavit, In the embodiment of Figure 5, the operung I. is a, the left end tfc 
tubular casing 14. [The opening permits] The^BgJ*^ access to , - mtemal 
cavity ,6 The interna, cavity 16 has a hollow interior identified by bracket 20, and a 
plug region, having a position and .ength identified by bracket 22. The phrg regton .s 
J the opening .8. A p,ug 24 is shown filing the plug region 22 Block 26 reason 
an electrical or optica, component in the hollow interior 20. The component 20 has a. 
.east a first lead 28a, 28b passing through said plug to exit the pressure vesse. as leads 
„a lib The plug 24 is shown encapsulating, the component leads 28a, 28b as they pass 

through the plug region to the opening 18 and the plug 24 seals the opemng 18. 

The paragraph beginning on page 4, line 1 1, as been amended as follows. 

As shown in Figures 5 - 7, the plug 24 is cast within the plug region 22. of the 
tubular casing 14 of a hard incompressible material such as a loaded epoxy resm or a 
ceramic adhesive. The plug 24 is circular in cross section because the tubular casmg 14 
is circular in cross section. It should be understood, that circular cross section tubmg has 
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an advantage over other form factors at high pressure; however, if pressure and size 
permitted, alternative form factors could be used such as rectangular or triangular 
depending on the application and the requirements. 

The paragraph beginning on page 4, line 22, as been amended as follows. 
Figure 7 is another alternative embodiment [a] A plug 24 is cast in the internal 
cavity 16 plug region 22 in which at least a portion of the plug region 22 [is shown by] 
hv ,^,wn Unidentified by bracket 32 as having a cross section diminishing 
in diameter with distance from the opening 18. The internal cross section of the mternal 
[cavity 18 is first enlarged along] cayity_J6hn^ firt mhtH re pion 33 along a first 
portion of the plug region 22. The plug region is then shown necked down in diameter 
along [a second portion 32] the necked down region 32 of the plug region 22. The 
^ ^ -rim, 32 r f— h Y '"terior hv ^ 

function of the necked down region is to drive the material of the plug into compression 
as the external hydrostatic pressure on the vessel increase, The diminishing portion or 
necked down region prevents the plug from moving into the hollow intenor [18] 20. 
Shoulder 34 in Figure 6 provides a similar function. In the embodiment of F lg ure 7, the 
plug region is shown to be necked down to a diameter that is a match for the diameter of 
the [internal cavity 14] hollow interior 20 circular cross section. The irrepular surface 
r^ pi^n 10 is show" rationed with in the first enlarged region 33. , 

The paragraph beginning on page 5, line 3, as been amended as follows. 

In each of the embodiments, of Figures 5 - 7 and 9 - 10, the lead exiting the 
opening is at least a first optical fiber having an optical core covered by optical claddmg. 
The cladding is covered by a protective plastic jacket. The jacket over the cladding is 
treated to remove the jacket over the desired portion using chemical or mechanical 
methods. The jacket is removed from a portion of the lead after [leaving the component 
identified by phantom ellipse 36, through a portion passing through the plug] thejead 
w,.< th* comoon^ Th. portion of the jacket to be removed begins at phantom ellipse 

a nH ..ntinnes thro,^ - I™*™ ™ ssing th "" gh the Ph * 24 * * *** ^ ^ ^ 
outer surface of the plug identified by ellipse 38. The jacket is removed to permit the 
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p lug ma.erial ,0 bond .o .he surface of the cladding which fisher perfects the hydraulic 



seal. 



The paragraph beginning on page 5, line 12, as been amended as follows. 

The cap 12 is formed from a polymer material to cover and extend beyond the 
vernal surface of the plug 24 thereby forming a fluid barrier over the surface of the plug 
24 Liquid Viton, a fluorocarbon elastomer, a rubber-like materia,, that holds at h,gh 
Imperature, is applied to the top or exposed surface of the ceramic adhesive to form cap 
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The paragraph beginning on page 5, line 17, as been amended as follows. 

Figure 8 is an elevation view of the pressure vessel [12] 12 having two opemngs 
i„ the tubular casing .4. The openings a, the left and right ends permit access ,o the 
[interna, cavity, hoUo^ri^ - extent [if] of which is identified by bracket [. 
20 in Figure 9, a sectionai view taken on line B - B of Figure 8. The internal cavtty .6 
a hollow interior [the extent of which is characterized] i^ifiedby bracket 20. 

The paragraph beginning on page 5, line 22, as been amended as follows. 

Figure 9 shows a firs, and second cylindrical plug 46, 48 more clearly idenfified 
in Figures .Oa and 11a respectively. The first and second plugs are force fit yjajr^d 
— , r ,„ r^on or ta^ri uxaimXuiU* >*» *« - ^ 
regions identified in Figure 9 by brackets 40 and 42 [near each of the respecve opemngs 
,8a, and .8b] in the tubu.ar casing 14. A component 26 is shown in the hollow tntenor 
20 The component has [a, .east a fir,, .ead 28a, 28b] at ^ „ fi m ?nd or a second lead 
28a 28b . 

The paragraph beginning on page 5, line 27, as been amended as follows. 

Each plug has an outer cylindrical surface 50, 52, the respective outer cyhndncal 
surface 5A52 of each plug is force [fit into the plug] fuviajhejto region openmg .8 a, 
,8b of the cyUndrical casing MM intn r^ive ffrs, and second pl„ P regions 40. 41 
As shown in Figures 10a and l.a, each plug 46, 48 has a through-hole 56, 58 that 
receives and passes a. least the component firs, and or second .ead 28a, 28b .o a postfion 
otfside of the pressure vesse.10. mu^^mO^M^Mjm^ 
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- Kahii«n ^ w ,!| nftn- • ■- " lhe resoec.ive.aJindMUbig 

outer cylindrical surf ace 50. 52. 

The paragraph beginning on page 6, line 15, as been amended as follows. 

[Although not shown, plugs 46, 48] In the embodiments of Figures 9 - 12, the 
through-holes 56, 58 in the firt ind second cylindrical plugs 46, 48 have an inner 
surface A portion of each inner surface i.lr nriflrrt hy rtr-h lines in Fibres 9, 10a and 
Ha is formed to have an irregular or roughened surface region for improved bonding 
with the ceramic adhesive plug. The irregular surface of the through-hole is a Actional 
equivalent to the [surface] irregular surface region 30 in Figure 5 under bracket 30. 

The paragraph beginning on page 7, line 3, as been amended as follows. 

A strain relief in the optical fiber is also necessary to protect the component from 
strain that results from the thermal expansion of the steel tubular casing 14 over a 
temperature rise to 200 degrees C. The length of the fiber strain relief on the right and left 
sides of component 26 are basically the same. It is important [is] that the strain [reliefs] 
reliefs are sufficiently compliant, so that as the temperature changes and the steel expands 
or as pressure forces contraction, the fiber is not torn out of the component. 

The paragraph beginning on page 7, line 9, as been amended as follows. 

r ^12^mS^*<^°* D *& The Plug 62 extends beyond 
the ends of the tubular casing 14 and is increased in diameter to form a cap lip that is 
driven against the edge of the tubular casing with increasing pressure. 

The paragraph beginning on page 7, line 12, as been amended as follows. 

Figures 8 and 1 2 show the use of shrink tubing 68 over the end of the lip and the 
tubular casing to improve the seal of the joint formed at the interface of the lip and the 
end of the tubular casing, with increasing pressures. 

The paragraph beginning on page 7, line 29, as been amended as follows. 

The invention high-pressure vessel is the first to address the needs of the oil 
industries for a sensor that will withstand 10,000 psi and a temperature up to 200 degrees. 
No coupler produced before can meet the requirements imposed by the down-hole 
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drilling application. Slight movement of the fibers does not change the performance of 
the coupler. Temperature change does change the performance of the coupler. The gases 
and chemicals in the hole can destroy the coupler. This package protects the coupler 
from those materials. 

The paragraph beginning on page 8, line 4, as been amended as follows. 

The [package] pressure vessel 10 is typically placed in a liquid filled hose suchjis 
in Figure 3 . The hose is filled with a material similar to transformer 
oil The hose is armored and sealed. The oil filling the hose prevents it from collapsmg. 
The region in the hose in which the component is positioned has a hydrostatic pressure 
roughly equivalent to that of the region outside of the hose. The couplers are used with 
sound sensors such as Mach-Zehnder or Michelson interferometers that are outside of the 
package, however, if protection for these components is required in alternative 
application, the invention package can be adapted to accommodate the requirement of the 
larger component. Four couplers are typically used with each interferometer. Two are 
used with the sensor and two more with the telemetry. When an array of sensors are 
used, two couplers are used with each sensor. 

The paragraph beginning on page 8, line 18, as been amended as follows. 

[If the strain relief is coiled] ffeferrin P apain to Figure 1? if the strain relief 70 is 
coiled, the radius of the bend must be large enough to prevent evanescent light from 
escaping through the cladding. [The hose in the present application had a one-inch inside 
diameter hose.] a , 1M d in a test of the subject pressure vessel 10 had a one-inch 
inside diameter. The outside diameter of the pressure vessel was limited to 3/16 inches. 
The vessel length was limited to 2 1/8 inches. The inside diameter of the body was 0.118 
inches. The wall thickness was 0.035 inches. The steel used was 4130. It proved to have 
the strength necessary to enable the vessel to pass the deformation test at 10,000 psi. It 
was the strongest standard tubing that was conveniently available. The cap was made of 
the same material. Thermal expansion was matched to that of the tubular casing in that 
way. Other materials could be used but at additional expense. 
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